118 healthy participants (8 men, 12 women) were included in the final analysis. All 119 participants were determined to be free of any cardiopulmonary and metabolic disease 120 and visual disorder. The participants were asked to refrain from alcohol use and 121 strenuous physical activity for 24 h before each experiment, and from smoking, food or 122 caffeine consumption for 2 h preceding the experiments. Written informed consent was 123 obtained from all participants before the first experiment. The Human Subjects 124 Committee of Tohoku Gakuin University approved the study protocol. 59.8 ± 0.7 73.7 ± 0.9 50.6 ± 2.0 BMI (kg･m -2 ) 21.9 ± 0.9 24.1 ± 0.9 20.4 ± 0.6 VO 2 peak (mL･kg -1 ･min -1 ) 44.6 ± 1.3 50.5 ± 1.7 40.7 ± 0.9 HRpeak (bpm) 197.0 ± 1.5 195.8 ± 3.7 197.8 ± 1.5 127 139 sessions. To minimize any order or learning effects, the orders of the experimental 140 sessions were counterbalanced. After arrival at the laboratory, the participants wore a 141 HR monitor (Model RS800cx; Polar Electro Oy, Kempele, Finland) and they rested on a 142 comfortable chair for 10 min. In the experimental sessions, the participants completed 143 the Stroop/reverse-Stroop test (duration: 6 min) before and after each intervention. After 144 the pre-test of Stroop/reverse-Stroop test, the participants were fitted with a portable 145 indirect calorimetry system (MetaMax-3B; Cortex, Leipzig, Germany). This took 1 min 146 and participants rested on a chair for an additional 3 min. For the badminton 147 intervention, the participants moved from the laboratory to a badminton court, which 148 took 2 min. For both the running and the control interventions, the participants walked 149 on a treadmill at 4.2 km·h -1 for 2 min, which served as a counterpart to the move from 150 the laboratory to the badminton court. Subsequently, the participants performed each 151 intervention. Based on the protocol of Budde et. al. [11] , the duration of the intervention 152 was set to 10 min. After each intervention, the participants returned to the laboratory or 153 walked on the treadmill for 2 min, and then rested for 3 min on a chair. After that, they In the badminton intervention, the participants played a singles game against one 157 of the two investigators who had experience playing badminton. The investigators 158 played at a level of proficiency that matched the participant's level and also provided 159 the participants with advice for improvement during the games. During the game, the 160 scores were not recorded and "victory or defeat" was not determined. In the running 161 intervention, the participants ran on a treadmill. Running speed was set according to 162 each participant's 75%VO 2 peak, which has been previously shown to be the intensity Table 3 shows the cognitive performances for each intervention. For the Stroop 257 tasks (Tests 3 and 4), three-way repeated ANOVA found a significant interaction 258 between condition, time, and mode (F (2, 38) = 4.2, p = .022, η p 2 = 0.18). To analyze 259 the significant interaction, two-way repeated ANOVA was conducted separately for 260 Tests 3 and 4. For Test 3, no significant interaction (F (2, 38) = 0.9, p = .419, η p 2 =. 04) 261 and no significant main effect of mode (F (2, 38) = 1.7, p = .201, η p 2 = 0.08) were 285 For the reverse-Stroop tasks (Tests 1 and 2), three-way repeated ANOVA found 286 a significant interaction between condition and time (F (2, 38) = 8.6, p = .009, η p 2 =.31).
287 To analyze this significant interaction, two-way repeated ANOVAs were conducted for 288 Tests 1 and 2. For Test 1, no significant interaction (F (2, 38) = 1.0, p = .378, η p 2 =.050) 289 and no significant main effect of mode (F (2, 38) = 1.9, p = .168, η p 2 = 0.09) were 290 noted; however, a significant main effect of time (F (1, 19) 1) . These results suggest 339 that the cognitive aspects of badminton provide benefits to inhibitory cognitive function 340 over and above the effect of the running. In badminton, players are required to not only 341 grasp the speed and orbit of the shuttle, spatial position of the opponent, but also to 342 choose appropriate shots (e.g., clear, smash, or drop) and perform them. Such cognitive 343 demands could activate the regions of the brain concerned with executive functions. We 344 conclude that the large effect of the badminton intervention on executive function was 345 due to the cognitive demands required to play the game.
346
Our observation that badminton enhanced inhibitory function to a greater extent 347 than running supported our hypothesis, indicating that the influence of cognitive 348 demands during brief complex exercises is greater than the effects of inefficient 349 exercise. This is consistent with previous studies [11, 12, 25] 
